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Q i A method I of discriminating nucleic acids by examining the presence or absence of variant genes m a 

™1 3C VT r3U ! °' n ° rmal 99065 10 Varianl 9enes - 0r lhe identil V s P° cifi< * 9anes present in various 

ITS ! ~7 comprises amplifying a specified region of a target nucleic acid present in a specimen 

Inihl^r? 58 ° feaCti ° n USinQ 3 primer b8afin 9 a ^»ectable marker and a primer bearing a s.tc 
capable of binding to a sol.d-phase carrier, conducting competitive hybridization by adding the resultant nuctcc 
acid as a marker sample DNA in at least an equimolar amount to a non-marker standard ON A of which the 
identuy w»m the sample DNA is to be discriminated, and then measuring the marker intensity bl the product of 
hybrtf ua ion. A testing set for discriminating nucleic acids according to the above method comprises a pnrne. to 
bo used for amplifying a target nucle.c acid and comprising a primer bearing a detectable marker aruJS^mer . 
oearing a sue capable of -whng to a solid-phase carrier, anci a non-maiker standard ONA of which the Mom-tv 
with a gene amplified by uv ampl.fy.ng p„mer , s (0 be d,scr,m.naiert 



GP 0 664 339 At 

ALL NORMAL NUCLEIC ACIOS FIG 1 

PRESENT INVENTION 

(A) 

2(STAN0AR0 DNA) / (SAMPLE DNA) 

* 0- - 

(20) B (1) 

RATIO OF 
PROBABILITY j 

20 © X 



1 °« 



6 

20 8 




EP 0 664 339 At 



Technical Field 

This invention relates to a method for differentiating a nucleic acid and an assay kit for such nucleic 
acid-differentiatioo. More specifically, this invention relates to a nucleic acid differentiating method that is 

s capable of directly and quickly evaluating a specimen for the presence/absence of a mutant gene m a 
nucleic acid as well as the ratio of mutant to normal genes and that enables various assays that have been 
difficult to accomplish by conventional methods, for example, detection of a mutation at a non-specific site 
within a gene, detection of a small amount of abnormal cells containing a mutant gene in a mixture with 
norma! cells, and determination of sequence matching of a particular gene in a plurality of samples: and an 

10 assay kit which may be used for nucleic acid-differentiation by the same method. 

Background Art 

Molecular biology and genetics have experienced a marked progress in recent years, and the findings 

75 accumulated in such fields would contribute not only to chemical/physical clarification of various 
phyenomena involved in life, but also to human lives, in particular, to medicine as a field and a practice. 
DNA medicine starting from ONA is expanding to a clinical field far beyond expectation. It is known today 
that almost all diseases are related to ONA. and a diagnosis on a genetic level has become indispensable. 
It is now recognized that nearly all enzyme deficiencies that are known for many years as inborn errors 

20 of metabolism are ascribed to diseases that are generally referred to as genetic diseases (molecular 
diseases). Detection of a mutation in a gene is quite effective for the diagnosis of such genetic diseases. 

Typical conventional methods for detecting a mutation in a gene that can be used when the site of the 
genetic mutation is already known include a detection method using an oligonucleotide probe (PNAS. 80. 
278. 1983): a method utilizing restriction enzyme polymorphism (Am. J. Hum. Genet.. 69. 201. t980): and 

2S scission of a one-base mismatch in a RNA.DNA hybrid by utilizing ribonuclease (Science. 230. 1243. 1985). 
Mutation detection utilizing gene amplification was also developed (Proc. Natl. Acad. Sci. USA. 88. 189. 
1991): Anal. Biochem. 186. 64-68. 1990). These methods, however, can be used only when the base 
sequence has already been found out and are limited to the detection of a specific mutation. On the other 
hand. SSCP method (Proc. Natl. Acad. Sci. USA. 86. 2766. 1989). DGGE method -{Proc. Natl. Acad. Sci. 

oo USA. 86. 232. 1989). and other methods were reported as methods for detecting a non-specific mutation 
(site and base) in a certain region. These methods, however, use electrophoresis and are not necessarily 
practical when the ease and quickness of operation are taken into account. 

Then J. C. Nicolas et al. developed the following method as a system for detecting a non-specific 
mutation within a certain region of a nucleic acid (EP-A 362042 and Anal. Biochem.! 205. 193. 1992). First a 
biotin label is introduced into one of duplex strands in a nucleic acid fragment containing a region to be 
detected for mutation, and an FITC label is introduced into the other strand to thereby produce a labeled 
standard ONA. The labeled standard ONA is mixed with an excessive amount of a sample ONA containing 
an unlabeled nucleic acid fragment of the same region as the standard ONA. The mixture is heated for 
denaturing and then slowly cooled down (competitive hybridization). When a fragment with a base 

40 sequence in complete conformity with that of the labeled standard ONA is present in the sample, 
recombination of double stranded ONA occurs between the duplex strands of the labeled standard DNA and 
the duplex strands of the sample ONA. whereupon the amount of the labeled standard ONA having both the 
biotin label and the FITC label that has been initially present is reduced. On the other hand, when a 
fragment with a base sequence partly different from that of the labeled standard ONA is present in the 

«s sample, the aforementioned recombination between the duplex strands of Ihe labeled standard DNA and the 
duplex strands ol the sample ONA is less likely to occur so that the amount of the labeled standard ONA 
that has been initially present remains substantially unchanged. Namely, this method is to judge whether or 
not a fragment containing the same base sequence as that of the labeled standard ONA is present, by 
observing a change from the initially added amount of the -labeled standard DNA after the (competitive 

so hybridization) procedure of mixing, denaturing, and annealing. 

In general, congenital hereditary diseases include dominantly transmitting diseases and recessively 
transmitting diseases. The former will express their phenotype even when genetic abnormality is present 
only m one of alleles (heteroalletic), while the latter will express their phenotype only when genetic 
abnoimality is present in both alleles (homoallelic). In the case of recessive heredity^the genetic 

55 abnormality would not manifest as a disease when the genetic abnormality is present only on one of alleles, 
but with a 4ak chance that the descendant will inherit such genetic abnormality.. Therefore, exa minatio n of 
genetic abnormality is of great significance irrespective of homohetcro. Furtheimoro. in the^rfpmTi «)f- 
human leukocyte antigen (HLA). even if the alleles in a sample are determined to be homoallelic. a pnor art 
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2! P0Mib ? '° aCCU,a,e ' V COn ' ifm Wh8,hef ,hey are ,ea,, y """oailelic. There is a demand l0 
establish such a confirmation method. 10 

0 Jl»2Z\ in ? afryi " 9 °l 9enetiC d ' 39nOS,S °' diSeaS8S Such as cancw ,hal « ««ed by acquired 
gene abnormality. ,t ,s quite difficult to collect only cancer cells trom a cancer lesion, and normal ceMs are 

situ^rwh^fhr^ 0 ' NiC ° laS " 8L ,e?e,red '° 3bOVe iS di " iCU " «° aCCura,6, V « 0» « a 

situation where the mutant gene is present in admixture with a normal gene. For example when a nucleic 

acid fragment contaming a norma, gene is used as the tabe.ed standarfoNA. the resultmg st„aVw^5 
not exhibit a significant difference between the case wherein one-half of the genes in the sZte nSe c 
S^rTE (h : ,e,0a " e,ic » 3nd me caS8 a" «he genes ,n the sample are 

ZSSS: e 0 ' e - *~ melh0aS 'r^ 8 "' ,0r di3 ^ disuses associated wTgene 

oracttaafTl^Jf 8 1° **" ' ^ *** technique thai is effective and 

practical for the diagnosis of a hereditary disease or the like. 

Disclosure of Ihe Invention 

' de. e cZ b fh» ? PreSeW inVOn ' i0n iS '° Df ° Vide 3 nuC,8ic ac,d ^'^e««a«on method which is capab.e of 
! PfeSenCe ° f abSe " Ca °' non ' s P aci,ic ™*«on in a particular region of a gene as^e. as 
IT mW ' a, '° n haS ° eamml W * ei,h8r <™ <* -hich is Spabte of de!2tiS a s oht 

aTwhich ESS!. in r iX,Uf9 ,r« h - mal determining me ratio of mut^^ 2 

of soecln, ^ T? Whfl,h0r ,h ° SP6Ci,iC a " e,8S ar8 ,n c ° W conformity among a plura.ity 

targe" "* < * fiid ° Ut ,h8 ' 0 " 0win 9 «••*"««■ * a 

e nll^H T V US,n9 3 ,3r9e ' n ° C,eic acid comprising a primer having a detectable 
s™Z"Tp£r^r\r7^ 3 S0Kd m ^'^ * therein (EO-PCR 

I^l5^^,?'^ t L * W3pan <JP ' A) N ° S - '- 3 ' 4965 and , - 252300 ' J - Clin - Grotto.. 30 
1 728. 1992. lor example) wh.le making an intensive study thereabout ~ 

reacbon'w'imTo^^ * eXP8C,ed '° C ° n ' 3in 3 m °' a,U gene was to 9<™ amp.ifica.ion 

reaction w„h a pair of the above-mentioned labeled primers, obtaining a labeled sample ONA Separately a 

haTn r^'e baJ UCh m ° ta ' i0n T '° fl " »«*<>" ^ a ^ "m r 

ONA aSwino ™r k h ^ miXed W " h * ,eaS, 3 " ■"«« °' lh « «**•*> ^d 

samp,e 0^1,^ I'L, h f' 23 '' 00 ,0 t3k3 p,3Ce - Tha ra,a °' ^ombinaUon between the tebe.ed 
Z! ^ h J 66 ^ S,3nd3fd ° NA was da «^'^ by utiliring the ED-PCR system It wasYhen 

ONA no ^ an h eQUim0l3r ^ ° f ,h8 unl3be,ed S, ^ d DNA •» i ^e^Tam^e 

a.« , wheth , suet m kh 8ftCe 01 ,h8 ft ° ft - SpeCi ' ic mu,a,ion wi,hin a P articu ^ 9*™ ^on. Su« 

hT« gene « iJ^STLS 2 Un,3b r h S,andafd 0NA " ma,c ^ - W «ha« is. whether 
each ^\n d s mZtrLlT? * ,h6Se QCneS " COmp,e,e,y or par,ia,, y di " ef8 n« ' r «m 

mventionVas 3 beeT 'cSSiS^S 4 ~ "* ^ ^ ^ ^ ^ 

labels s,aS ,a DNA^hT ,0rS ^ '° Und ,h3 ' 35 ° PP0Sed to ,ne conventional memod of mixing a 
Ct^T^ZT^mT 6 am r °' 30 S3mpte 0NA « induci "° compete 

and compel hy^SfcnTs „T J .T^ eXCe " ive 3m0un ' °' ™ un,abeted s,ant,afd 0NA 

occurred^ TZ^ ^T lT^' ,han " becom8S *> s * b * 10 dete ct whether or not mutation has 

correfaTon Z^Z^ T^T * " h3S 3,50 ^ tound thal « h8r8 * 8 «™ 

ouantitaiinnThT . . '° nornial Qones in specimen and the measurement, obtained bv 

TiTaniT co : pe,Uive hybridi23lion 3nd ^ «• ,ha *»* ^5S22 

calculated Iron, f "* ,he f3, '° °' mu,an " » "ormal .genes can be relatively a«ite- 

P S Can 1)8 e ' a,n '"ed by us.,hj one sample ONA as ihe labeled sample ONA and 
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another DNA as u-.j unlabeled standard ONA. The present invention has been completed based on such 
findings. 

According to tr.e present invention, there is provided a nucleic acid differentiating method lor differen- 
tiating a gene in a particular region of a target nucleic acid in a specimen, characterized by comprising me 

s steps of preparing a labeled DNA by effecting gene amplification of the particular region of the target 
nucleic acid in the specimen by using target nucleic acid*amptifying primers comprising a primer having a 
detectable label introduced therein and a primer having a solid matrix-binding site introduced therein, using 
the resulting labeled DNA as a sample DNA. using an unlabeled ONA specimen to be evaluated for it 
matching with the sample DNA as a standard DNA, adding at least an equimolar amount of said standard 

io ONA to said sample ONA. effecting competitive hybridization, and thereafter measuring a degree of 
substitution between complementary strands of said sample ONA and said standard ONA by utilizing said 
detectable label and said solid matrix-binding site, thereby determining the matching between the nucleic 
acids. 

According to the present invention, there is also provided an assay kit for nucleic acid differentiation. 

ts characterized by comprising target nucleic acid-ampiifying prim :rs comprising a primer having a detectable 
label introduced therein and a primer having a solid matrix-binding site introduced therein, and an unlabeled 
ONA specimen to be evaluated for its matching with the gene amplified product amplified by said primers. 

The nucleic ac:d ^i'fgfcntiJting uujay kit of Iho p/esenl invention may be used by mixing the pruneis 
for amplifying nucleic acid in the particular region of the target nucleic acid with a specimen, which has 

20 been subjected to a pretreatment such as cell disruption treatment if necessary; adding reagents required 
for nucleic acid amplification to the mixture to effect the amplification of the target nucleic acid in the 
specimen; adding said unlabeled ONA specimen to the amplified product to effect competitive hybridization: 
trapping the hybrided ONA on a matrix by utilizing said solid matrix-binding site; and effecting measurement 
by utilizing the detectable label. In this regard, a assay kit for nucleic acid differentiation is obtained when 

25 reagents and materials as used in EO-PCR method, for example, a cell disruption reagent, a reagent for 
nucleic acid amplification, and a matrix for trapping the hybrid are added to said target nucleic acid- 
amplifying primers and said unlabeled DNA specimen. 

The preferred embodiment of the present invention will be clearly understood by reading the following 
description. 

30 

Brief Description of the Drawings 

FIG. 1 is a schematic view illustrating a nucleic acid differentiation method as applied to all normal 
nucleic acids, (A) showing the method of the present invention and (B) showing a prior art method tof 
35 Nicolas et ai.). 

FIG. 2 is a schematic view illustrating a nucleic acid differentiation method as applied to nucleic acids 
one-half of which are mutant. (A) showing tne method of the present invention and (B) showing a prior art 
method (of Nicolas et al.). 

FIG. 3 is a schematic view illustrating a nucleic acid differentiation method as applied to all mutant 
jo nucleic acids. (A) showing the method of the present invention and (B) showing a prior art method <of 
Nicolas et at.). 

FIG. 4 is a graph showing the absorbance relative to the proportion of mutant in a sample -DNA as 
processed by the nucleic acid differentiating method of the present invention. 

«*5 Best Mode for Carrying Out the Inven tion 

The nucleic acid differentiating method ol the present invention is constructed such that, as opposed to 
the conventional method wherein a labeled standard ONA is mixed with an excessive amount of an 
unlabeled sample DNA to effect competitive hybridization, a labeled sample DNA is mixed with an 

so excessive amount of an unlabeled standard DNA to effect competitive hybridization, and a degree of 
substitution between complementary strands m the sample DNA and the standard DNA is determined, 
thereby enabling detection of the presence absence of a non-specific mutation within a particular region of 
ihe gene, as well as whether such mutation has occurred on both or either one of the alleles; detection of a 
slight amount of mutant cells in a mixture with normal cells, as well as the ratio of mutant to-normal cells: 

55 and confirmation of the matching ol the particular alleles among a plurality of samples. 

Now irfe~nucleic acid differentiating method of the present invention is~ theoretically degjrrbpr.! in 
companson with that of Nicolas ct ai lino mothod described in Anal. Biochem.. 205. 193. 1992) by rofoi mg* 
to the schematic drawings. 
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sample « 0Sing . paif of pnmefS 00^4 a ^ 

«abe. (8) in ^c^L ^^^l^^ ^ (0) h 006 S, ' and - a matrix-binding 
competitive hybSa^a.^nS nun,^ 3 S •/T^ * den3,Urin9 ind an - ,n * tor a ««*"9 
matri, «o measure ^^o^S^^^^ * « 8 - pha " 

(at reference numeral 4') Then as in the m«h~T« f k 9 ""^'S 0 ™ TO recombination 

having the .abe.s (B) ^X^ Z^Z^^^n^' ^ ^ ° NA * 
measurement is ,heore,ica.,yV2l ^^^^.11^ COmDe " ,,Ve hybri<,iM,i ° n 

star^A. rhrmS^LTa^he^r^h TJ^ " ^ *» - - 

— reirt inve ~^ 

Both the inven Z^iS ^2 12? "V " ^ * Sh ° W * - SCha ™«* — * FIG. 2 . 

in the inventive method and 20 i inTJ . . Wlh S ' 3nd3rd 0NA 2 " 2 * < a < a rati ° <" >*0 

e«ec, competitive £ ^XuctTor TsT 'V™^ 9 an " 9a,in9 te 

measure the amount of the original labeled ONA LEf ? tfaPPed 00 3 S0 ' id phase matrix 10 

method (Nicolas method, the or.o.nal labeled 0^ L * acC0fdln 9 10 ,h e conventional 

recomb.na.ion i S diluted M;i7Xft?12l^ ,a ° e ' S <0) "* <B> "* ^ undef 9™ "> 
.heoretical.y ■ „ MuS^ J^Z^T "* ** * 

shown in FIGS. , and 2 by mixing 1IE5a7?J V*'"" ° U ' * aCC ° fdanCe ^ 3 Pf0cedu ' a « 
inven„ve method and 20:" in ne coTentioni LlLT, ,? ^ ° NA * °' * (3 * 3 r3,i ° °' 1:20 in ,ha 
compete hybridization. The ^^zT^^T 2 de ' U,tUrin9 "* an " ealin9 '° e " eCt 
the amount of the original labeled DNaE. I " ^ ,f3PPed on a so,id phasa ma «"* «° "leasure 
both the .nventive method andT ™ f T 9 u , nder 9° ne 00 recombination (reference numeral 4 or 4'). In 
-ahels (0) and (B, TZ^'TXZZ?! ( °' NiCh °' aS « ^ - ° NA 
theoretically the same as the Sal moment PeU " We hybridi " ,ion - « ■» measurement is 

reco^a, ^::Co^/a'; u e t,7^nr en, of ,he or,9ina ' i ^ ona ^ — »« - 
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b^"«TS!IJrJ22 i ^sT^lt 3 !? 60 in ,h0 inven,ive me,hod di,fef by about 95 

es a sample to be assayed for mutation are normal, the example 
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wherein half genes are mutant, and ihe example wheretn all genes are mutant, with which clear differenti- 
ation among these example is possible. The measurements obtained in ihe conventional method (Nicolas 
method) differ only by 0.043 between the example wherein all genes are normal and the example whercm 
half genes are mutant, with which clear differentiation between these examples is impossible. Additionally, it 

5 is theoretically recognized that the inventive method provides a linear correlation between the proportion of 
mutant gene and the measurement. 

Accordingly, the nucleic acid differentiating method of the present invention can detect the pres- 
ence absence of mutation independent of the ratio of normal to mutant genes. In addition, since there is a 
linear correlation between the ratio of normal to mutant genes in a sample and the measurement obtained 

io by quantitating the molecule resulting from competitive hybridization and having both the solid matrix- 
binding label and the detectable label, the ratio of normal to mutant genes may be rather easily calculated 
from the measurement obtained. Furthermore, the inventive method can determine the matching of a 
particular gene in a plurality of ONA specimens by using the ONA specimens as the sample ONA and the 
standard ONA. 

is As described above, the nucleic acid differentiating method of the present invention first carries out 
gene amplification in a particular region of the target nucleic acid in a specimen by employing target 
nucleic acid-amplifying primers comprising a primer having a detectable label introduced therein and a 
primer having a solid matrix-binding site introduced therein. 

The specimen to be assayed includes blood, tissue lesion and excretions such as feces and urine of 

20 human origin. When it is desired to carry out prenatal diagnosis, fetus cells in amniotic fluid or cells of 
cleaved oocyte in a test tube may be used as the specimen. The specimen may be used as such or if 
desired, prior to use. concentrated as a concentrate by centrifugatibn or the like, subjected to cell disruption 
by enzymatic treatment, heat treatment, surfactant treatment, ultra-sonication. or a combination thereof. In 
this regard, the cell disruption treatment is done for the purpose of exposing the ONA derived from the 

?s particular tissue of interest. The cell disruption may be carried out in accordance with any of the know 
methods described in the literature such as "PCR PROTOCOLS", Academic Press Inc., P14. P352. 1990. 
The specimen preferably contains the ONA of interest in a total amount of from about t to about 100 ug 
although less than 1 ug of ONA can still be amplified satisfactorily. 

Next, the target nucleic acid-amplifying primers consist of a primer having a detectable label introduced 

jo therein and a primer having a solid matrix-binding site introduced therein. The detectable label or the solid 
matrix-binding site may be introduced in the primer at a position that would not adversely affect the 
elongation efficiency of the primers. Preferred positions of introduction are a hydroxy I group near the 5'- 
terminal and an active group in the base or phosphodiester moiety. 

The detectable label employed herein may be either radioactive or non-radioactive, with use of a non- 

as radioactive substance being preferred. The non-rad ; jactive labels that can be directly introduced include 
fluorescent substances such as fluorescein derivatives (fluorescein isothiocyanate etc.) and rhodamine and 
its derivatives (tetramethylrhodamine isothiocyanate etc.): chemiluminescent substances (e.g.. aendine etc.): 
and substances exhibiting delayed fluorescence (OTTA manufactured by Pharmacia). 

Also the label may be indirectly detected by utilizing a substance that is capable of specifically binding 

40 with the label. The labels that can be used for such indirect labeling include biotin. ligands. particular 
nucleic acids or proteins, and haptens. In the case of biotin. avidin or streptavidin capable of specifically 
binding therewith may be used. In the case of haptens, antibodies capable of specifically binding therewith 
may be used. In the case of ligands. receptors may be used. In the case of particular nucleic acids or 
proteins, nucleic acids capable of specifically binding therewith, nucleic acid-binding proteins, or proteins 

is having affinity to the particular protein may be used. 

The haptens that can be used include compounds having a 2.4-dinitrophenyl group and digoxigenm. 
Biotin or fluorescent substances may also be used as a hapten. Such labels may be introduced alune or in 
combination of two or more, if desire, by a well-known technique (see JP-A 59-93099. 59-148798 and 59- 
204200). The detectable label may be identical with the solid phase-binding site. 

so When the target nucleic acid-amplifying primers are added to the specimen, gene amplification reaction 
based on elongation of the primers should take place if the target nucleic acid to be detected is present m 
the specimen. 

In this regard, the elongation of the primers proceeds in terms of incorporation by Ihe primers of the 
four types of nucleotide triphosphates (deoxyadenosme triphosphate, deoxyguanosine triphosphate, deov 
55 ycytidme triphosphate, and thymidine triphosphate: a mixture thereof is sometimes referred to as dNTP) as 
the substrains. - — — 

In carrying out the elongation reaction, an amplification reagent comprising the - unit nuclei.; "aci.tr 
described above and a nucleic acid-olongating enzyme is generally employed for amplifying nucleic ao-i 



EP0 664 339 At 



35 



4Q 



50 



55 



ZTc^Z^Tk^:^^ — ^ * 3 " y ONA polymerase such 

However, use 0,^^, 0^ X»a,e Lts To STT ' ** T4 ° NA P0 " B ™ 
and Vent ONA polymerase is oreferred «Z1 ?1 3Q ° NA ^"W- ™ ONA polymerase 

s recognition by ihe pLeT.o carr! oluSd ZJ?" " enh3 " Ce ,he Speci,ici,y °' ,a ^« »•*•«• 

prevent water from evaporating from the reaction^,.,, Z ? 6 e3C,,0n systern in order » 

partitioned from water and ha? . l^s£^J? ^ ° °" "** may 1)6 ^ oil " hic " can be 

minora, o„. Some gene lm£i£^S£ oo r£l ^ 1 °" S « *»• * and 

* primers may be proved in such t^SS^Z^T ^ ** °' 

e-on^n^rg 2 SrSCirjT' ^ * - 
gene amplication reaction including re'cZ Z^rZ ^^ ^^ '°' ^ ° U « ,he 
known methods described in the liters™ , .? V delerm.ned in accordance with the well- 

* 8. No. 9. ,990 and ^e^^S^^^ *** <*■"*»"" Yohdo-sha. 

and TJ^S^X - - — ONA 

s,andard ONA. at teas, an *%ZZ ^^l?*™^ "» Sampla «« - ■» 

competitive hybridization d3 ' d 0NA ,s added t0 ,ne sam P'° ONA to effect 

" ^asssr^:^ !or * — 9 - - -p-e 

terming of the unfabeled standard ONA Zy r^£ ^T, , ° '"V 3 " 1 '" 9 0NA " H ° W6v8f - *» « h * 
used a standard ONA and a sample ONA ZZ^ZS^?** 5 * * **** 

and still, the differentiation assay of 5^1^,3 ,n ' 8n9,h by bases at 

» seems preferab,e that the "£S£ „ ^d EL^ ? ^ 0Ht As a pfac ' ical »— « 
about ,0 bases a. each termina, Though T ° NA ' S iS wi(hin 

target gene or the like. Terence somewhat varies with the sequence of the 

» ampfification reaction. The thus ampBfiealent^TL above-described primers used for gene 
vector and propagating in E. ISTtTSTpSLl " incorpo ' a,ino il * ■ !*•«*» 

«ga,ed belore .ncorpolng in the ^Jti^Z m " T °' ^ ^ 06 ,a " de *'V 

can be prepared by direct enzymafc eTdsiS, £!?., ? ? Production. Alternatively, the standard ONA 
■n some cases, by chemica, syn^eSs ^ 9ene " i,h ° U ' T*" 9 '° 9606 ™' W **™- °' 

a sequence recogmzable by "h "ZSZZ? 9 a,W ?\^ B s,a ^ d 9 ene » in same directiorTand 

•he restncon ««U ^^£Zt2? *! ^ S '" ,e " T,ina,S - The S89uenCe *>V 
preferab.y be one having »£J££tZ£Z ° a ? f^** " nes in ,ha Section may 
'ike that recognizes 8 bases The SwSST^ "? and more S«» or tf* 

ONA. The sequence recognizable EXTSSZT* ^ 009 ,hat iS abswt in •» ^dard 
pre«erab,y one having a Sun JZm^^^T* ™" '°' ,h9 eXCiSi ° n °' *• unlabeted °»** 
used. The rocogni sequence 2? T ** ^ may a,so «• 

vector that transports the ONA may be^nV^ k ° 000 ' S abSem in ,he s,and ^ d ONA. The 
o» a large copy number which can L ~Z„T' . 38 3 P ' asmid or a P ha 9«- P«'erre<l is a vector 
proauction. Propagated in E. col., for example. pUCi ,8 which is suitable for mass 

unia*,^ standard ONA from the pfasmid in which the 

us-ng a P a,r of primers having ^cT^s^ZT " " ^ °"* " by 
enzyme for the tandem ligation of the standard .k SequenCe reco 9 nifab » e by the restricting 

by the restriction enzyme used ,T° * Wlon intf 3 SeQUenCe ^»b.e 
•^^•WlDrL^^^^^ Un,3be,ed 0NA - to" 0 ^ »>y (ta. with the 
Plurality o. standard ONAs are LtemL lTtV* ***** '° Prep3,e 3 Sequence whe ' ei " a 

having incorporated there.n me standard oX ,11 ' S , '"f ° ,p0f3,ed in, ° ,he 10 W P*«mid 
P'asmid ...h the resjriction enzyme use TTJV** ^ di,eC,i ° n - J ' 9aXment °' ,he ' 

"n regard, a large, number ? Wu,d pf0duca standard M*s& 

seems apo-opriate for sum requ^emenTs a The l h ? ' $ Pfe ' erfed - A nu ' nbef ° M0 ,0 sevefal ,e " s 

ems as the stab.l.ty o, the plasmid although the number depenos on 
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the sequence of the standard ONA. 

Next, according to the invention, competitive hybridization is carried out between the labeled sample 
ONA and the unlabeled standard ONA which is previously prepared by the above-mentioned procedure. 
Both the ONAs should be denatured in the competitive hybridization while the denaturing technique is 
preferably a thermal or alkaline technique. Both the ONAs may be mixed together either immediately before 
denaturing or after denaturing. In the inventive method, at least an equimotar amount, typically a 5 to 20* 
fold molar excess amount of the unlabeled standard DNA should be added to the labeled sample ONA 
although the optimum ratio varies with the length, base sequence, degree of mutation ol the ONA. 

Furthermore, in the competitive hybridization, the solution should be adjusted to an optimum salt 
concentration, which largely depends on the strand length, in general. SSC (20kSSC: 3M sodium chloride. 
0.3 M sodium citrate) and SSPE (20xSSPE: 3.6 M sodium chloride. 0.2 M sodium phosphate. 2 mM EDTA) 
are used in hybridization and in the practice of the invention, these solutions may be used after diluting to a 
suitable concentration. 

The competitive hybridization may be accomplished by mixing the labeled sample ONA and the 
unlabeled standard ONA which are denatured by the above-mentioned procedure, and slowly cooling the 
mixture from an elevated temperature. With respect to the temperature conditions, optimum conditions may 
be suitably determined in consideration of the length of ONA strands being hybridized, the base sequence, 
the difference between the normal and mutant base sequences. One typical condition is to lower the 
temperature at a rate of 1 ■ C per 3 to 10 minutes in the temperature range from 98 * C to 58 • C. 

Next, the product of competitive hybridization is measured by the principle of ED-PCR method (see. lor 
example. JP-A 1-31496 and 1-252300 and J. Clin. Micobiol. 30. 1728. 1992). The ED-PCR method can 
express the presence of a duplex strand nucleic acid as a signal onh/ when the strands of the duplex strand 
nucleic acid have different labels (or identical labels as the case may be). Therefore, in the above-described 
product of competitive hybridization, the signal will become lower as the frequency of strand substitution 
between the labeled sample DNA and the unlabeled standard ONA increases. In other words, the signal will 
become lower as the sample contains a larger proportion of the same base sequence as the unlabeled 
standard DNA in the region of interest. If desired, the label may be introduced into only one strand of the 
sample DNA and into the complementary strand of the standard ONA whereby a signal is developed when 
tne sample ONA has a base sequence that matches with that of the standard ONA. namely when strand 
substitution occurs between the sample and standard DNAs. 

As described above, the product of competitive hybridization is measured, and then, sequence 
matching of the sample ONA with the standard ONA is determined from the measurements (to find out the 
presence, absence of the mutant gene, the ratio ol mutant to normal genes, any difference in base sequence 
belween the sample ONA and the standard ONA. and a degree of such difference). Any conventional 
technique may be employed for the measurement depending on the label used. For example, when the 
label used is a radioisotope, simply radioactivity may be measured, and when tne label is a fluorescent 
substance, simply fluorescence intensity may be measured with a fluorometer (see JP-A 1-252300). 

On the other hand, when a label other than the directly detectable label is introduced in the primer, a 
reagent that enables an indirect measurement of the introduced label is utilized. Exemplary reagents used 
for such measurement are a complex of avidin or streptavidin with an enzyme when the label is biotin: and 
an antibody-enzyme complex wherein an antibody capable of specifically binding to the hapten is bound to 
an enzyme and a substrate for the enzyme when the label is a hapten. When such a reagent is used, the 
reagent reacts with the label to produce a component that can be detected by color or fluorescent means. 
With respect to the enzyme and substrate that may be used in such reagents. 2-nitrophenol. tf-D- 
galactoside. 4-meihyiumbefiferyM-D-galactoside. etc. may be used as the substrate when the enzyme is 
0-galactosidase; 3-(4-hydroxyphenyl)propionic acid. 3.3\5.5*-tetramethylbenzidine. 1 .2-phenylenediamine. 
etc. may be used as the substrate when the enzyme is peroxidase: 4-methylumbeliferyl phosphate. NADP. 
4-nitrophenyl phosphate, etc. may be used as the substrate when the enzyme is alkaline phosphatase: 
glucose. NAD. etc. may be used as the substrate when the enzyme is glucose-6-phosphate dehydrogenase: 
and ethanol. NAO. etc. may be used as the substrate when the enzyme is alcohol dehydrogenase. 

The measurement of the hybridization product is carried out by trapping it on a solid phase matrix. The 
solid phase matrix used herein is the one capable of specifically binding with the solid matrix -binding sue 
that has been introduced in the primer. An exemplary solid phase matrix is a microliter plate which is 
pretreated so that microliter wells may specilically bind with the matrix-binding site of tho primer. 

The results of measurement are described below. When no mutation is present in the^gene region of 
interest in the_ sample, the measuiemeni will have a significantly low value because ofjlilution with the 
oxccss ol the unlabeled standard ONA as previously dosciibed in conjunction with the scfc.nai*55vr*tf - 
FIGS, i to 3. When all genes are mutant, the mcasuiemciu 'will havo a high vatuo since tho labeled DNA •< 
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ZHTLHH ^ UnUbeled S ' andard ° NA - Whe ° ha " 9enes are ™ ,ant <«™ •»* «• «' a"eles is 
value assocated w„h all muian. genes. Such a specimen can be easily differentiated, 
s ce^TZ 0 ^ Ca ' ibra,i0n CUfVe Sh0WinQ ' he « fe, a«'on to the ratio of mutant to normal 

gene oiT* \ """T ^ ° NAs havinQ di,fe ' en « ' ati <* - ««« » «S 

rCsurement 9 ^ - * readi,y a « actual 

324 ".W R%fpT^^Tr ,i0nal me,h0dS (PCR " SS ° math0d (K - Randa » « *" ^re. 

££f. i6J. 1986). PCR-RFIP method (N. Maeda et al.. Tissue Antigens 34 290 1989)- PCR <?<?p m »rhJ 

sequence matS „ "T* ' Z"?*"*"" ««*«0 to the present invention is to determine the 
» oresen, LTn . ™T h ?'! ^ by ,h9 nucfeic acid differentiating method of the 

oe^e in rrT; ab ° V6, ' hiS a " ay kit Comprises Qe " 8 amptilying primers for am P .i(y;ng the 

^•rsiMssar " d 30 un,abe,od st ~ A ■ - « 

induct amP K ,yin ° P,imefS ' 0f amp,i ' yinQ ,he 9 ene m a P«o* ^gion of the target nucleic acid ' 

with me S^k"?* <,i " erenUa,ion accwdi "9 «o «he present invention is used in accordance 
Tmoin b6d nUC,e '° di " eren,ia,i "9 method of the present invention by mixing Z qene 

Z^STZL^T" that has op,ional,y subiec ' to a - h « 

*^.^SS? IT* 2 f T^° me miX,Ur9 - amp,i ' ying 3 p3rticu,ar feQ ion of the target nucleic 
Place t raL ?™2l " "! 9 ^ ^ $,andard 0NA ,hereto ' all0 ™9 competitive hybridization ,o take 

i fsu dTd ONA /he am", f T '° meaSUre 3 °' **"»*^ between the sample ONA and 

particularly those 'T' ^ ^ US8d h6 ' ein mav * ,hosa *"•«" in *• « ™re 

Invent™ t£ * P ! S prev,ous,v <,esw,beo «» the nucleic acid differentiating method of the present 

:»r; assay kit * * e presem - * ~ — 

solution tor wa^no .Jl ^rrl d.srupuon reagent for specimen pretreatment. a washing 

f eaoennJi^ ?i f P "' ,ed Pr0dUCt - 30 0il ,0f P rev8n,i "9 ««* evaporation from the reaction so.ution 
inSSSSSTT 9 *• ,abe ' ^ ° ,he ' COmp0nen,S as ^ ious| V ascribed for ,het 2 c 

^saa-xtir i,,us,ra,in9 me presen * ^ 

Example 1 



30 
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A point mutation. Glu (G. \ — Val /nTf:* ;« cik . 

follows. ( G) ,n 6m codon of human ^ 9lobtn gene was detected as 

pr,m^ e ss.st^.^je; o2^ n, * about 200 bp which cou,d be ^ » 

PBG-I 

PG2 5'GGGTTGGCCAATCTACTCCCAG ^ — 

"rCAACTTCATCC4r G TTCACC ~ ' "^nT. 

Ampliation of the ONA by tho PCR techn.guo was earned ou, by using PBG-.-NH, ,.00 ng, an, P G - 
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2-NH. (tOO ng) with p8GN (I ng) or PBGM (t ng) as described below as a template in the presence of 200 
uM of four types of dNTP m 100 ul of a reaction solution containing 67 mM tnshydrochloric acid buffer (pH 
8.8). 16.6 mM (NH-fcSO:. 6.7 mM MgCI?. 10 mM 2-mercaptoethanol. and 2 units of Tth ONA polymerase. 
The reaction was performed by heating the reaction system at 94 *C for 5 minutes and repeating 30 cycles 

5 of 94 "C for 30 seconds. 50 *C for 30 seconds, and 72 # C for 60 seconds. The resulting reaction solution 
was used as an unlabeled standard ONA solution. 

Separately. PG-2-DNP (100 ng) and PBG-1-BiO (100 ng) with pBGN (1 ng) or pBGM (I ng) were mixed 
and amplification by PGR technique was carried out in the presence of 200 uM of four types of dNTP under 
the same conditions as cescribed above. There was obtained a labeled sample ONA solution. 

to PBG-i-Bio 

8iotin-5'GGGTTGGCCAATCTACTCCCAG 

PG-2-0NP 

DNP-5'CAACTTCATCCACGTTCACC 

PBG-1-NHj 

} 5 NH? -5'GGGTTGGCCAATCTACTCCCAG 

PG-2-NHj 

pBGN 

20 pBGM 



NH? -5* CAACTTCATCCACGTTCACC 

A plasmid having normal human fl-globin gene 



25 



A plasmid having one base mutation. Glu (GAG) — Val (GTG) at 6th amino acid 
The amplified products in the standard ONA solution and sample ONA solution were . respectively 
confirmed for their size oy agarose gel electrophoresis to find that they were produced in substantially the 
same amount. 

Competitive hybridization 



4f£S The standard DNA solution and the sample ONA solution were mixed, and water was added to 30 ul. 6 

f/j&l ui of 20*SSC (0.3 M sodium citrate. pH 7.0. 0.3 M sodium chloride) was added to the mixture, and mineral 

30 o»l was overlaid. The mmure was heated to 98 «C for 10 minutes, and gradually cooled to 58* C at a rate of 
i * C per 6 to 10 minutes using a gene amplifier (Thermal-Cycler PJ2000. Perkin-Elmer). A 20-ul aliquot was 
taken out of the reaction solution for detection. Note that the unlabeled standard ONA solution used was 
derived from the pBGN. The labeled sample solution used was derived from the pBGN or pBGM. or a 
mixture of them in equal amounts. Analysis was made while varying the volume ratio of the unlabeled 
35 standard ONA solution tc the labeled sample DNA solution. 

Oetection 

The molecules rescuing from competitive hybridization and simultaneously having both the biotin label 

-to and the ONP label on the S'-terminal of each strand are detected. 

To a microti ter plate having immobilized thereon streptavidin is added 100 ul of 50 mM tris- 
hydrochloric acid (pH 7.5h 0.15 M NaCl. and 0.05% Tween 20 containing an anti-DNP mouse IgG-alkaline 
phosphatase complex. 20 ul of the hybridization solution was added thereto. After admixing, the prate was 
incubated at 25 *C for 30 minutes and washed three times with 300 ul of the same solution except 

js antibody-enzyme complex. To this microliter plate was added 100 ul of 1M diethanolamine (pH 9.8) and 0.5 
mM MgCi? containing 4 mg ml of p-nitrophenyl phosphate, and color development was effected at 25 *C for 
i hour. The yellow cole developed **as measured in term* cf absorbance at 405 nin using a plate reader. 
It should be noted that hybridization was simultaneously carried out in two tubes, and the measurements 
were averaged. 

so Competitive hybridization was carried out while varying the mixing ratio of the standard ONA solution to 
the sample ONA solutici The resulting "duplex strand ONA having the DNP label on one strand and the 
biotm label on the othei strand" was detected. The results are shown in Table 2. 



55 
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Table 2 



to 



is 



Standard ONA 
(unlabeled) 


Sample DNA (labeled) 

— s , 


Standard:sample ratio 


Absorbance (A405) 


Noraml (p8GN) 


Normal (pBGN) 


20:1 


0.120 


Noraml (pBGN) 


Mix of normal /oBGNJ anri mutant /aq^u\ 


20:1 


0.418 


Noraml (pBGN) 


Mutant (pBGM) 


20:1 


0.988 


Noraml (pBGN) 


Normal (pBGN) 


10:1 


0.202 


Noraml (pBGN) 


Mix of normal (pBGN) and mutant (pBGM) 


10:1 


0.511 


Noraml (pBGN) 


Mutant (pBGM) 


10:1 


1.068 


Noraml (pBGN) 


Normal (pBGN) 


5:1 


0.369 


Noraml (pBGN) 


Mix of normal (pBGN) and mutant (pBGM) 


5:1 


0.631 


Noraml (pBGN) 


Mutant (pBGM) 


5:1 


1.150 



20 



25 



30 



Comparative Example 

so^TTJ.T^ 3 ^ W3S aCCOrdi "° ,0 ,he «n»««tonal method. The standard ONA 

o u on 2 T5I V ^ ' abeled PrimerS W3S miXed Wi ' h a " exCessive a ™"< * *° «5 ONA 

2 T S , i y m r ,h : un,a r d primers and compe,,,ive hybridi2a "°" ^ 22 

m.xed so that the molar rat,o o( labeled ONA to unlabeled ONA was 1:20). The remaining reaction 
cond„.ons were the same as in Exampte .. The resut.s are shown in Tabte 3. 

Table 3 



35 



40 



ss 



Standard DNA 


Sample 


Absorbance (A405) 


Normal (pBGN) 


Normal 


! 0.16 


Normal (pBGN) 


Normal ♦ Mt »ant 


0.20 


Normal (pBGN) 


Mutant 


. 1.02 



between m ZLf^J' ? COnven,,0nal me,hod a »°'*"9 only a difference of 0.04 in absorbance 

Xlesf om e a r , h 9 n ° rmal ° NA + mu,ant 0NA " as <° herniate these 

samples from each other compared with Example i according ,o the inventive method. 

Example 2 

45 this txTmpta ONA C t™ ' ~, G y C ! Va " " ' 2,h COd ° n °' huma * oan * » as " '".tows. In 

or pl^i^^STS ^ "! ^ COmai ° inQ 3 mu,anl P 0 ^ 00 b ' W PSK-2 

Amotion Z W,t Pr " nPrS - PHR ' 1 30(1 PHR * 2 was useo «* e*Perimen«. 

(100^5 a 1«J 'rtT, ** aS i" eXamp ' e 1 ° Sin ° ,he PHR-1-ONP 0 00 ng, and PHR-2-Bio 

so Zed sa^l C ^ c" PSK " 2 W PKY -' 0 n 9» as **** be, <>» « * *"S*. obtaining a 

^^£^^^ 1,1,,,r - pSK * 2 was an,pWied wUh the primefs - PHR -' N * PHP * 

co^^X^i^Sr ° n ' abe,ed S,a " d - d ONA .solution. The amp.ified products were 
PHR- 1 9 y 9arose 961 el «c^<>Phoresis. 

5 ' ATGACGGAATATAA GCTGGTG 

"rfn-2 . -t. . 

PHR-I-0NP - 5 ' CTCTATAGTGG GGTCGTATTC " _ _ / 

ONP.S'ATGACGGAATATAAGCTGGTG 
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PHR-2-Bio 

Bio-5'CTCTATAGTGGGGTCGTATTC 

PHR-J-NH? 

NH> -5* ATGACGG AATATAAGCTGGTG 

PHR-2-NH 3 

NH 2 -5'CTCTAT AGTGGGGTCGT ATTC 

pSK-2 

A plasmid containing normal ras gene (T. Sekiya. Gann. 74. 794. 1983) available 
from JCR8 (Japan Cancer Research Resources Bank). 

pKY-i 

A plasmid having a mutation at 12th codon (M. H. Kraus and Y. Yuasa. Nature. 303. 
775. 1983) available from JCR8 (Japan Cancer Research Resources Bank). 

Competitive hybridization and detection 

The standard DNA solution and the sample DNA solution were mixed, and water was added to 30 nl. 6 
ui of 20xSSC was added to this mixture and the detection was carried out as in Example 1. It should be 
noted that competitive hybridization was simultaneously carried out in two tubes, and the measurements 
were averaged. The results are shown in Table 4. 



Table 4 



Standard ONA solution 


Sample ONA solution 


Standard.sampie ratio 


Absorbance (A405) 


Normal (pSK-2) 


Normal 


3:20 


0.122 


Normal (pSK-2) 


Normal ♦ Mutant 


3:20 


0.338 


Normal (pSK-2) 


Mutant 


3:20 


0.575 



The results of Tables 2 and 4 reveal that the nucleic acid differentiating method of the present invention 
was ellective for establishing a definite discrimination among the sample wherein both alleles are normal, 
(he sample wherein one allele is mutant, and the sample wherein both alleles are mutant since the 
respective samples exhibited significant changes of absorbance. On the contrary, the conventional method 
(of Nicholas at al.) failed to differentiate the sample wherein both alleles are normal and the sample wherein 
one allele is normal and the other allele is mutant since (here was no significant difference between them. 

Example 3 

By adding a minute amount of mutant ONA (oncogene) to normal ONA as a model simulating a state 
wherein cells having a particular mutant gene are mixed with normal cells, an experiment was carried out as 
follows, to see whether such a state could be detected by the inventive method. 

Human c-H-ras gene (derived from pSK-2) was used as the normal ONA, and human c-H-Vas -gene 
having a mutation. GGC (Gly) - GTC (Val) in 1 2th codon (derived from pKY-1) was used as the mutant 
ONA. Samples were prepared so that they contained the mutant ONA at a percentage of 0%. 5V 10V 
25%, 50% and 100% based on the normal DNA. These samples were amplified using a pair of primers. 
PHR-i-ONP and PHR-2-Bio. obtaining a labeled sample ONA solution. 

Separately, normal ONA was amplified using a pair of primers. PHR-l-NH? and PHR-2-NH;. obtaining 
an unlabeled standard ONA. 

The labeled sample DNA solution and the unlabeled standard ONA solution were mixed so as to give a 
molar ratio of ONAs of 20:1 in the combined solution, followed by thermal denaturing and annealing. 
Detection was made as in Example I. The results are show m Table 5. Also the absorbance »s 
diagrammatically plotted relative to the ratio of mutant to normal genes based on an absorbance of I for the 
sample wherein the proportion of the mutant DNA in relation to the normal DNA is 100%. This is shown in 
FIG. 4. — • 
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Table 5 



\ 



US 



to 



IS 



20 



25 



30 



35 



40 



Proportion of mutant DNA 
relative to normal gene 


Absorbance (A405) 


0% 


0.045 


5% 


0.079 


10%' 


0.101 


25% 


0.146 


50% 


0.304 


100% 


0.563 



45 



even J?^" T 5 ^ 4 reveal ,hal a * absorbance is observed 

ZLTSa P P ° ° mU,am ° NA ,0 n0fmal DNA is ,ow - tha < a clear correlate b^eTS 

ona a S .owSt; e ? a T an r r ,hat de,ec,ion is Msy — *- ^ isi^^ 

bVde ectei fro^ !2 1?" ACCOrd,n9 ' y - ,or DNA ««0"o* wherein a minute amount of cancer ceHs mus 

rauo" V ce°s ^IfST C * ^ ° NA " *» a ' S ° «° •««*""* «*—.■» 

Example 4 

Genetic diagnosis of cystic fibrosis 

respond m S TZT ane re9U,a,0r, 96ne iS b * wd to be a 0- 

and those ha« no »hol;r^' ' S man, ' est « 1 «•» both alleles of this gene are abnormal 

who tra mT ne 9 E ^ 3 " e,e **" « SU " er this diseas * bu « ^ * «-£ 

different among he case wh e,'n tTSSS Th ° ,e '° fe - ^ dia ° n0SiS °' CFTR ' 
wherembothalle.es are no" a! * ** Whe ' ei " ^ °° e ^ is mu,a "'- 

there A S" e b 0 e l°/n ,h H mU ' a,i ° nS *"* * ™* 9en9 reSu " ,rom de,e,ion °' »8lh phenyla.anine How e . 
specific ^ ^ ° ,hef ' ypeS °' mu,a,ions *«< Portion and type a , diversified anTnun-" 

^irat:^ a,,9teS - — • ■* one a..e,e is mutant or 

previous reports SPeC "' C fe9 '° n whiCh iS re 9 arded to "»*■*>" based on the 

would" £SZ£ r e e X a ?r men,S , Wefe Cafried ° Ut '° r ,ypica ' ™ ,a,ions sh ™ » Table 6. below it 
^Z^s ^ZT^r Ct 3 de,eC,i0n SyS,em ,or 0,her muta,i0 " s - ■* ^ampteZw 

Table 6 



50 



55 



Exon 


Type of the mutation 


Exon 4 


621 ♦ 1G > T 


Exon 10 


AF508 


Exon 1 1 


G5510 


Exon 21 


N1303K 
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( t ) Examination of exon 4 
Prepar:.: on of a sample 

A part of exon 4 was amplified by using human chromosome ONA as a template, and incorporated into 
primers CF04P101 and CF04M101 as shown below. 
CF04P101 

5'ATTGTGAGGACACTGCTCCTACACCCAGCC 

CF04M101 

5TACGATACAGAATATATGTGCCATGGGGCC 

PCR amplification was carried out by using CF04P101-OH (100 ng) and CF04M101-OH (100 ng) with i 
ug of normal human chromosome as the template in the presence of 200 uM of four types of dNTP in 100 
ul of a reaction solution containing 67 mM iris-hydrochloric acid buffer (pH 8.8). 16.6 mM (NH;hSO*. 6.7 
mM MgClj. 10 mM 2-mercaptoethanol. and 2 units of Tth ONA polymerase. The reaction was performed by 
heating the reaction system to 94 'C for 5 minutes and repeating 35 cycles of 94* C for 30 seconds. 60 'C 
for 30 seconds, and 72 ' C for 60 seconds. 

The reaction solution was separated by agarose electrophoresis to obtain a fragment of about 230 bp. 
This fragment was introduced into Smal site of pUCli9. With the base sequence confirmed, this was 
designated pEX4N. 

A point mutation was introduced in the gene by the overlap extension mutagenesis technique (Steffan 
N. Ho et al.. Gene. 77. 51-59. 1989) using the pEX4N as the template and using four primers. CF04P10I 
and CF04M101 as described above and CF04621P and CF04621M as described below, obtaining a gene of . 
621 ♦ \G > T. With the base sequence confirmed, this was designated pEX4M. 
CF04621P 

GATTTATAAGAAGTTAATACTTCCTTGCACAG 

CF04621M 

AAGTATTAACTTCTTATAAATCAAACT 
Detection of mutant gene 

An unlabeled standard ONA was prepared as described below. 

PCR amplification was carried out by using CF04Pi01-NH r (100 ng) and CF04M101 -NH : (100 ng) 
together with the above-mentioned pEX4N (I ng) and also using a reaction solution of the same 
composition as used (or the preparation of the sample. 

Separately, a labelec sample ONA was prepared by carrying out PCR amplification using CF04P101- 
Bio (100 ng) and CF04M iOi-DNP (i 00 ng) together wiih a plasmid as described below as the template. 
Normal: i ng of pEX4N 

Mutation in one allele: 0.5 ng of pEX4N 0.5 ng of pEX4M 
Mutation in both alleles: 1 ng of pEX4M 
The amplified products in the standard DNA solution and the sample ONA solution were evaluated for 
si2e by agarose gel electrophoresis to find that the they were produced in a substantially equal amount. 

Competitive hybridization * - • 

The sample DNA solution was mixed with a 20-fold amount of the standard ONA solution under the 
conditions of Example t. The reaction solution was heated to 98 *C for 10 minutes, and the temperature 
was gradually decrease? !o 68'C at a rate of I 'C 10 min. A 20-ul aliquot was taken out of the reaction 
solution, and the molecules resulting from competitive hybridization and having both the biotin and ONP 
labels on ^-terminal ol tneir strands were detected by the same procedure as in Example 1. The results are 
shown in Table 7. 
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Table 7 



Standard DNA solution (unlabeled) 


Sample DNA solution (labeled) 


Absorbance (A405) 


Normal (p£X4N origin) 


Normal (pEX4N) 


an 


Normal (pEX4N origin) 


Mix of normal (pEX4N) and mutant (pEX4M) 


0.70 


Normal (pEX4N origin) 


Mutant (pEX4M) 


1.87 



W 



IS 



20 



25 



20 



40 



45 



As shown in Table 7, the cases wherein both alleles are normal, wherein only one allele is mutant and 
wherein both alleles are mutant could be clearly distinguished. 

(2) Examination of exon 10 

AFSMas'a mSa!° **" '°' ° U ' " ' 0 "° WS USi ° 9 ,h8 most ' requenUy ,owd mu,a,i °" 

Preparation of the samolo 

cH.oZ^rZr.f" I'ZT and , CF,0M, 0'-OH (t00 ng) as described be.ow together with human 
IZ l^ ( 9 • C am P"" ca, '°" was carried out by the above-described procedure. The 
CFWPm ^ y ' mr0dUCed in '° 3 P ' aSmid ,0 pf0dUCe PEX,0N havin 9 ,he «""»» 9 e "«- 
S'GATTATGGGAGAACTGGAGCCTTCAGAGGG 

CF10M101- 

5'CTTCTAGTTGGCATGCTTTGATGACGCTTC 
and Si USi "! '° Ur Pr ' merS ' CF,0P,O, -° H ^d CF10M10.-OH as described above and CFAF508U 

mutatS, S °L ,0ge,her PEX, ° N M ,he templa,e - a «*"*• P EX,0M * a -9 

mutat-on AF508 was produced by the overlap extension mutagenesis method. 

CFAF508U 

5'AAATATCATCGGTGTTTCCTATGA 

CFAF508L 

5-CACCGATGATATTTTCTTTAATQ 
Oeiection of gene mutation 

CFiJJJm nlS 0 °> NA T PreP3red ,hf ° U9h PCR ^ing CF.OPIOI-Bio (100 ng, and 

iTma. ' n9> 35 ' he Pr,mef$ l09e,hef wrth 3 p,asmid as below as the template 

r,orma '- 1 ng of pEXION 

Mutation in one allele: 0.5 ng of pEXION 0.5 ng of pEXIOM 

Mutation in both alleles: 1 ng of pEXIOM 

andCFi^i^H'nnr ? NA ,hrOUOh PCfl ""P««*>n using CFlOPlOt-NH, (,00-ng, 

ana CF10M101-NH. (too ng) tpgether with pEXION (t ng) 

in Tab* TTJ^^Tl^ 5 * S3me p,0Cedufe as described ,ot «" «■ " ith »• "Suits 
-n able 8. As shown m Table 8. Ihe three gene types could be clearly distinguished. 

Tabled ■ 



so 



Standard ONA solution (unlabeled) 


Sample ONA solution (labeled) 


Absorbance (A405) 


Normal (pEXION origin) 


1 Normal (pEXION) ' 


0.14 


Normal (pEXION origin) 


Mix of normal (pEXION) and mutant (pEXIOM) 


0.89 


Normal (pEXION origin) 


Mutant (pEXIOM) 


1.74— 
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(3) Examination of exon 1 1 

With respect lo exon M. G55iO was used as a model. 

s Preparation of a sample 

Using CF11P101-OH (100 ng) and CFI1M101-OH (100 ng) together with human chromosome ONA (1 
ug). PCR amplification was carried out by the same procedure as described for exon 4. The amplified 
product was similarly introduced into a plasmid to produce a plasmid pEX1 IN having the normal gene. 
to CF11P101- 

5'GAAGGAAGATGTGCCTTTCAAATTCAGATTG 

CF11M101- 

S'ATGACATTTACAGCAAATGCTTGCTAGACC 
Separately, using four primers, CF11P101-OH and CF11M101-OH as described above and CFM-551P- 
fS OH and CFH-551M-OH as described below together with pEXHN as the template, a plasmid pEXUM 
having mutation G5510 was produced by the overlap extension mutagenesis method. 
CFl 1-551 P- 

5'CACTGAGTGGAGATCAACGAGCAAGAATTTCT 

CF11-551M- 

20 5'GCTCGTTGATCTCCACTCAGTGTGATTC 
Detection of gene mutation 

An unlabeled standard ONA was prepared through PCR amplification using CFiiPiOi-NH ? (100 ng) 
25 and CFMlOt-NHj (100 ng) together with pEXHN (1 ng). 

A labeled sample ONA was prepared through PCR amplification using CFiiPlOI-Bio (tOO ng) and 
CFMiOi-ONP (100 ng) together with a plasmid as described below as the template. 
Normal: IngofpEXIIN 
Mutation in one allele: 0.5 ng of pEXI IN 0.5 ng of pEXUM 
30 Mutation in both alleles: 1 ng of pEX1 1 M 

Using the resulting unlabeled standard ONA and labeled sample ONA. gene mutation was detected as 
described for exon 4. The results are shown in Table 9. As shown in Table 9. the three gene types could be 
clearly distinguished. 

js Ta^te 9 



Standard DNA solution (unlabeled) 


Sample ONA solution (labeled \ 


Absorbance (A405) 


Normal (pEXI IN origin) 


Normal(pEX11N) 


0.08 


Normal (pEXI IN origin) 


Mix of normal (pEXIIN) and mutant (pEXI 1M) 


0.48 


Normal (pEXIIN origin) 


Mutant (pEXUM) 


1.90 



(4) Examination of exon 21 

With respect to exon 21. N1303K mutation was used as a model. 

Using CF21P101-OH (100 ng) and CF21M101-OH (100 ng) together with human chromosome ONA (1 
ug). a plasmid pEX2iN having normal gene was produced in accordance with the above-described 
procedure. 
CF21P101- 

5'AGAGAACTTGATGGTAAGTACATGGGTGTT 

CF2JMI01- 

5TTAGCAGCCTTACCTCATCTGCAACTTTCC 
Separajejy. using four primeis. CF21P10I-OH and CF21M101-OH as described above andCF2l- 
I303P-OH and CF2M303M-OH as described below togetNv with pEX2iN~asTKe template. ^EJ^mid 
PEX21M having N1303K mutation was produced by the overlap extension m..iarjenosi$ mctlwl. 
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to 



is 



CF2M303P- 

CF2M303M. 5,CATTTAGAAAAA AGTTGGATCCCTATGAACA 

5'GGGATCCAACTTTTTTCTAAATGTTCCAG 
Detection of gene mutation 

Mutation in one allele: 0.5 ng of P EX21N 
AJ , . 0.5 ng of pEX2lM 

Mutation m both alleles: i ng of pEX2lM 

Using the resulting unlabeled standard ONA and labeled «m«u hma 
described for exon 4. The results are shown in Tabte Tl« <l r ' W3S delected as 

be clearly distinguished. °' A$ Sh0wn ,n Tab,e ,0 « *™ Qene types could 



?5 



JO 



Standard DNA solution (unlab eled) 
Normal (p£X2lN origin) 



Normal (p£X2 1 N origin) 
Normal (PEX21N origin) 



Table 10 

Sample ONA solut ion (labeled) 
Normal (pEX2lN) 



Mix ol normal ( P EX2lN) and mu tant ( P EX21M) 
Mutant (PEX21M) 



Absorbance (A405) 
0.20 



0.51 
1.16 



Example 5 



J5 



.he un.abe.ed standard DNA. In m° case he seaul? ? * ™* m ^ W3S de,ected «*■ 

«* same as .hat of .he .abated oS^SSS ° J" Un,abe ' ed SUn<,a ' d ° NA i$ n0 < 

at .he 5--.erminal of each strand * S,and3r<J 0NA had 30 additiona ( «Wce. »CCT> 



jo 



Unlabeled DNA ''CCT. 

>GGA" 

Labeled DNA : 



. AGG 3 ' 
TCC,. 



Preparation of unlah^ standard ONA an. sgr hngugg, 
Sfl .0 JL'ZJET'" eXP9fimen ' °' i0C °^ an U n,abe.ed 
( I ) Preparation of pUC-Sfi Stu 



standard ONA into a plasmid using exon 



55 OH^SSSim^ IT*::!;™™™™™ ~ 5 — - - decide 5- 
cieaved w„h BamHl. obiaimng puC-SK Zl^Ll°°"? h T?* ' n, ° pCU ' 19 000 ^ *« 

. _ _ 5>lu as represented by the tollomng res.ric.ion enzyme map < I ). 
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A BamHI Sfil A BamHI 




StuI 
(AatI) 




(1) 



20 



(2) Preparation of pUC*Sfi.Slu-EXiO 

PCR amplification was carried out by using CF-10-UgU (100 ng) and CF-10-LigL (100 ng) together with 
pEXION (1 ng) as the template. The amplified product was cleaved with Sfil, and a fragment of about 190 
bp was recovered by agarose gel electrophoresis. This fragment was inserted into the pUC-Sfi/Stu that had 
been cleaved with Sfi. With the base sequence confirmed, there was obtained pUC-Sfi/Slu-ExtO, which is 
represented by the following restriction enzyme map (2). 
CF-10-LigU 

S'OH-TTTAGGCCTAAAAGGCCTGATTATGGGAGAACTGGA 

CF-10-Ugl 

. 5'OH-CCCAGGCCTTTTAGGCCTCTTCTAGTTGGCATGCTT 



25 



A BamHI A BamHI 

Sfil Sfil 
Exonio' 



35 




•••(2) 



40 



J5 



(3) Preparation of pUC-EXIOlig 

300 ug of pUC-Sfi Stu-EXlO was cleaved with Sfil, and a fragment of about 190 bp was refined by 
agarose gel electrophoresis. 2 ug of this fragment was ligated with 10 ng of pUC-Sfi/Stu that had been 
cleaved with Sfil, and E. coli DH5 was transform xj therewith. A plasmid was produced from the 
transformant. obtaining pUC-EXlObg containing about 15 tandemly ligated fragments containing exon 10 as 
represented by the following restriction enzyme map (3). This plasmid was cleaved with StuI (AatI) to excise 
a fragment containing exon 10. 



50 



55 



Hind IE 




Sf\il I ExonlO l/TJr 
x StuI StuI ' 



EcoRI 




...{3) 
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Detecbon of gene mutation US ,no pUCEXin. jg 3 . unlabgied standard ONA 



to 



5 



CfLI^^J^ l eP T ^ PCR mem0d CF.0P10I.BK) (.00 ng, and 

iZn,i 9 ^ lh 3 p,asrnid as bribed below as the template. 

NormaL 1 ng of pEXION 

Mutation in one allele: 0.5 ng of pEXION 
0.5 ng of pEXtOM 
Mutation in both alleles: 1 ng of pEXlOM 
An unlabeled standard ONA used the following (a) to (d) 

I^VIT^ m - * X,0N - * — — - 

G.™ m " * Eco, "- , *" ol » *» map (31. mm) 



Table . 1 



Sample ONA solution (labeled) 


Preparation of standard ONA (unlabeled) 




a 


b 


c 


d 


L Normal (pEX . ON origin) 


0.07 


0..4 


0.15 


0.84 


Mix of normal (pEX.ON) and mutant (pEX.OM) 


0.28 


0.38 


0.33 


0.81 


Mutant (pEXtOM) 


0.74 


0.86 


0.72 


0.78 



the other hand, substantially no J1*2Z , k •! 3d Nm prepared by me PCR m e»"Od. On 

ian,emi y .i ga «ed. M "" M ™"' nv ° r,a '«"°" occurred ,n the case of <d>. wmcn remained 

can oe used ^T^tSS^TSZ^ " ' eS,nC "° n The s,andard DNA 

is no, comply idenSJT le ^W "* ^ ^ 3 which 

be satisfactorily used. 09 an exlra sea - uence °" «e«n<nal can also 

invemioTafS," SSSl* J 3C " di,,8ren « 3,in9 m ^ - - »— * 

a specimen as we, nSm/ ^"^^ * - «-« genes in 

the assays ,hat hav Tbeen Scu ft ft ** mven «°° ™*« PossibJe. 

of ,he presence/absencTof Tm^Lnl T „«« " T^'' 003 ' mem0dS - ,0f ex3mple - soch as d ««*o" 

amount of abnorm^s citTn no a IITZT * IT- ' PartiCU ' 3r ^ deteCti ° n °' a $ ™» 

sequence matching of a spSHe^ in a """^ ^ *« of 

«he present invention plays a o'eat^ralh „ i™ * ? Samp,CS - The nUCteiC 3Cid a"*"*** method of 
on piays a great role m d.agnos.s of genetic d.seases or in DNA diagnosis of cancer. 

Claims 

11 is?; sisrss^ fw di " eren,ia,in9 3 * a - * ^« 

gene ampiXaZ „, ,h * compnsin ° ■» *** of p.eparing a labeled ONA by effecting 

«ei?S!5SL? P CU af fe0i0n °' ,he , "* al nuc,eic ac,d in '*> 'P** 1 ™ by using 22 

sample DNA ..!L!° m f' x - D, ^.ng s.te introduced, therein. us .ng the resulting labeled DNA as a 

effecl.no M m«I,v TV? ' 30 equ,,no,ar amount of said standard DNA to said samble DNA^'" 
^ COn,Pe, '" Ve h ^ di ««^ and thereaLer measunng a cegree of substitute befTeon com 
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plementary strands of said sample ONA and said standard ONA by utilizing said detectable label- and 
said solid matrix-binding site, thereby determining the matching between the nucleic acids. 

2. The differentiating method according to claim I wherein said unlabeled ONA specimen to be evaluated 
5 for its matching with the sample ONA has been prepared by a gene amplification technique (PCR 

technique) using a pair of primers. 

3. The differentiating method according to claim 1 wherein said unlabeled ONA specimen to be evaluated 
lor its matching with the sample ONA has been prepared by a genetic engineering technique using a 

'o vector which can propagate in a host cell. 

4. The differentiating method according to any one of claims 1 to 3 wherein said particular region of a 
target nucleic acid in a specimen is a gene causing cystic fibrosis (CFTR gene). 

is 5. An assay kit for nucleic acid differentiation, characterized by comprising 

target nucleic acid-amplifying primers comprising a primer having a detectable label introduced 
therein and a primer having a solid matrix-binding site introduced therein, and 

an unlabeled ONA specimen to be evaluated for its matching with the gene amplified product 
amplified by said primers. 

20 

6. The assay kit for nucleic acid differentiation according to claim 5. further comprising 

a reagent for effecting gene amplification of a particular region of said target nucleic acid in a 
specimen, 

a matrix for trapping the nucleic acid having a solid matrix binding site: and 
?5 a reagent for detecting the trapped gene. 
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FIG.4 




PROPORTION OF MUTANT DNA (%) 
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